A variety of studies have recently been published on the effect of treatment of gram-negative bacilli with ethylenediaminetetraacetate (EDTA), usually in a tris(hydroxymethyl)aminomethane (Tris) buffer system. These studies have shown that a number of surface enzymes can be released by the use of EDTA-Tris and osmotic shock of Escherichia coli (18, 20) and that the acid-soluble pool of E. coli is probably released (19) . Leive demonstrated that EDTA-treated cells are permeable to actinomycin D (11, 13) , and Sellin, Srinivasan, and Borek (21) showed that such cells admit puromycin. Buttin and Kornberg (3) (5, 16) .
These studies were undertaken to clarify the role of EDTA-Tris and Tris treatment in releasing the acid-soluble nucleotide pool of E. coli. It is clear that the acid-soluble pool is rapidly released by both EDTA-Tris treatment and by Tris alone. The studies show that the EDTATris treatment causes damage to the cells as well as nonselectively altering permeability (12, 13) . It is also shown that cellular ribonucleic acid (RNA) is affected by long exposure to EDTA-Tris and that exposure to EDTA-Tris MATERIALS AND METHODS Bacteria and media. E. coli K-15, K-12, K-37, and MRE 600, a ribonuclease (RNase) I-deficient strain, were used. Stock cultures were maintained on nutrient agar slants. A modified minimal medium of Levinthal et al. (14) , the high-phosphate medium "C" of Neu and Heppel (20) , or Difco Antibiotic Medium 3 were used. The carbon source was either 0.5% glucose or glycerol. Platings for survival were done on nutrient agar with 10-3 M g++, 10 (9) . Sucrose density gradients of 5 to 20% were made by the method of Britten and Roberts (2) .
Assays. The assays for 5'-nucleotidase, RNase I, and,-galactosidase are those previously described (18) . RNase II was measured according to Singer and Tolbert (22) , and protein according to Lowry et al. (15) .
RESULTS
It was essential that the processing of the cells did not result in substantial loss of the intracellular nucleotide pool. For this reason, we determined the concentration distribution ratio of nucleotides (Table 1 ). This is defined as the concentration of PCA-soluble A260 units in the intracellular space divided by the concentration of PCA-soluble A260 units in the extracellular space (suspension medium). The higher the value, the less nucleotide material has been lost. Rein- Samples were subjected to bidimensional chromatography in n-butanol. The individual spots were eluted and identified spectrally and in other solvent systems.
experiments, release of,-galactosidase was used as a measure of cell lysis. Table 5 documents the amounts of four nucleotides in the medium after various periods of exposure to EDTA-Tris at 3 and 23 C. Table 6 shows that, with increasing time of exposure, there are increasing amounts of free bases and nucleosides.
The mechanism of the degradation of the RNA to yield the nucleotides and then nucleosides and bases is unclear. RNase I is not released into the medium by this exposure, in contrast to the situation with spheroplasts (19) . However, it might be possible for RNase I to leave the periplasmic space, enter the cell cytoplasm, and thereupon degrade RNA. Against a role for RNase I is the fact that this process occurs in RNase I-deficient cells. The role of polynucleotide phosphorylase and RNase II under these conditions is unknown.
Further studies were performed to study the effect of various ions on this release of the aci4- (Table 7) . At a more alkaline pH, there was greater release of A260 material when Tris was the buffer. When phosphate buffers of comparable pH were used, this did not occur. Thus, it probably is not just an effect of better chelation at the alkaline pH, but is due to Tris itself.
The fact that the phosphate buffer did not alter the permeability of the cells in regard to loss of nucleotide material is interesting in view of earlier work by Hurwitz et al. (10) , who showed that phosphate promoted nucleotide excretion in the presence of streptomycin (which has a strong chelating action). It is important to use a minimal amount of EDTA, namely, 2 X 10-4 M, to obtain the highest viability, although permeability has been altered. Use of 5 X 103 M EDTA at 23 or 37 C in our hands has resulted in nonspecific damage to the cells with leakage of internal enzymes. Figure 2 shows the resumption of growth in cells exposed to EDTA-Tris and Tris alone. There was a lag in the Tris-EDTA cells (90 min) and the Tris cells (70 min), compared to the NaCl control lag of 45 min. This was seen even in the 10-3 M Mg++, 10-4 M Ca++ medium. When cells were placed in a medium to which no Mg++ was added, the lag was greatly prolonged.
These results were seen whether the EDTA-Tris exposure was at 3 or 23 C. Examination of the return of alkaline phosphatase synthesis in cells grown in high phosphate, exposed to EDTATris, and then placed in a low phosphate, high Mg++ medium showed that the amount of alkaline phosphatase paralleled growth exactly but appeared earlier in the control cells.
Earlier studies (19) on the release of RNase I from E. coli by spheroplast produced with EDTA and lysozyme showed that the ribosomes of treated (10 min) and untreated cells were identical in sucrose density gradient pattern as well as in RNA and protein content.
In the present experiments, the samples treated with EDTA-Tris at 3 C for from 10 to 60 min had a phenol-extractable RNA content ranging from 87 to 95% of the control sample. The 10 min, 23 C EDTA-Tris sample was 89% of the control, but the 60 min, 23 C sample had fallen to 66% of the control RNA. A 23 C, 60 min Tris sample had 89% of the control RNA.
Sucrose density gradients of the ribosomes and phenol-extracted RNA of control and EDTA-Tris-treated cells are shown in Fig. 3 
